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Studies have been performed in Citrus motivated by Pandeys' theory of induced egg transformation and parthenogenetic 
development of embryos by pollination with irradiated pollen. Poncirus trifoliata (a Citrus relative) and shaddock pollen still 
germinated following 1,0 kGy irradiation and that of Palestine sweet lime following 2,0 kGy irradiation. The pollination study 
involved cross-pollination of Clementine mandarin using P. trifoliata or Palestine sweet lime pollen; gamma-irradiated at 
different doses, with or without a second pollination of the same flowers using normal Valencia sweet orange pollen. Using 
0,5 or 1,0 kGy-irradiated P. trifoliata pollen, cross-pollination of Clementine, known for its limited parthenocarpic ability, 
resulted in the production of large numbers of seedless fruits. It was demonstrated that extensive embryo abortion took 
place after cross-pollination using irradiated pollen but that fertilization and/or early ovule development stimulated set and 
growth of fruitlets. Ovule occupation by irradiated pollen largely prevented fertilization by normal pollen. Pollination, using 
0,5 or 1,0 kGy-irradiated pollen followed one day later by a second normal pollination is suggested for further studies on 
possible transformation of hybrids by the first pollen parent. Seed production after pollinating with pollen irradiated at high 
doses in a single pollination, is very low. Embryo culture to save embryos before abortion and to eliminate the second 
pollination, should receive attention. 
Studies, gemotiveer deur Pandey se teorie van geYnduseerde eiseltransformasie en partenogenetiese embrio-ontwikke-
ling deur bestuiwing met bestraalde stuifmeel, is by Citrus uitgevoer. Stuifmeel van Poncirus trifoliata Cn Citrus-verwante 
spesie) en pompelmoes ontkiem nog na 1,0 kGy-bestraling en die van Palestynse soetlemmetjie na 2,0 kGy-bestraling. In 
die bestuiwingstudie is Clementine-nartjie kruisbestuif met P. trifoliata- of Palestynse soetlemmetjie- stuifmeel; gamma-
bestraal met verskillende dosisse, met of sonder 'n tweede bestuiwing van dieselfde blomme met normale Valencia-
soetlemoenstuifmeel. Kruisbestuiwing met 0,5 of 1,0 kGy-bestraalde P. trifoliata-stuifmeel, het die produksie van baie 
groot getalle saadlose vrugte by Clementine, wat bekend is vir sy beperkte partenokarpiese vermoe, tot gevolg gehad. 
Daar is aangetoon dat kruisbestuiwing met bestraalde stuifmeel tot grootskaalse embrio-aborsie gelei het maar dat be-
vrugting en/of vroee saadknop-ontwikkeling die set en groei van vruggies gestimuleer het. Saadknop-besetting deur 
bestraalde stuifmeel het bevrugting deur normale stuifmeel grootliks verhoed. Bestuiwing met 0,5 of 1,0 kGy-bestraalde 
stuifmeel wat een dag later gevolg word deur 'n tweede normale bestuiwing, word voorgestel vir verdere stUdies met die 
oog op moontlike transformasie van kruisings deur die eerste stuifmeel-ouer. Enkel-bestuiwing met stuifmeel wat bestraal 
is teen hoe dosisse, het baie lae getalle saad tot gevolg gehad. Embrio-kulture met die oog op voorkoming van embrio-
aborsie en uitskakeling van die tweede bestuiwing, behoort aandag te ontvang. 
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Introduction 
Pandey (1975, 1981) proposed the use of irradiated pollen 
in cross-pollination to transfer only a few traits of the pollen 
parent to a seedling. According to him ionizing radiation of 
tobacco pollen was employed as a 'pulverizing' agent and 
not as a mutagen. This resulted in the incorporation of a 
few chromatin fragments in the egg genome during the 
pseudo-fertilization by occasional association of the frag-
ments with their homologues among the egg chromatin. 
The hybrid is identical to the female parent except for a few 
genes from the pollen parent. 
resistance in Citrus relatives or certain Citrus species to 
particular commercial cultivars would be a valuable tool in 
breeding. 
Using this approach, promising results have also been 
obtained in barley (Powel et al. 1983); maize (Pandey 
1983) ; wheat (Snape et al. 1983) ; tomato (Zamir 1983) ; 
peas (Davies 1984) and chillies (Daskalov 1984) . 
An obstacle in the application of this technique is the 
production of small numbers of seed (Pandey 1981). The in 
vitro culture of embryos before abortion may serve to over-
come this problem. 
Transformed seed may also be produced and in larger 
numbers by a normal fertilization by unirradiated pollen 
preceded by the pollination using irradiated pollen. In such 
cases gene contribution in the hybrid is predominantly 
from the two parents involved in the normal fertilization 
with a minor contribution from the 'irradiated pollen' 
parent (Pandey 1981). 
These findings have important implications in Citrus 
breeding. Hybrids between commercial citrus cultivars and 
related species such as Poncirus trifoliata and Microcitrus 
australasica produce inedible fruits . The transfer of only 
certain favourable traits such as cold tolerance or disease 
The present study was performed to investigate the pos-
sible application of the approach in Citrus. 
Materials and Methods 
In vitro germination of gamma-irradiated pollen 
Pollen of shaddock [c. maxima (L.) Osbeck], Palestine 
sweet lime [c. aurandfolia (Christm.) Swing.] and a Citrus 
relative in the subfamily Aurantioideae, Poncirus trifoliata 
(L.) Raf. was irradiated using a60Co source applying var-
ious doses. Pollen at a density of approximately 50 grains 
per mm2 was incubated on a medium containing 20% suc-
rose and 0,6% Difco Bacto agar at pH 7 and 26°C. The 
incubation period was 24 h and all treatments were replica-
ted three times. In the case of Palestine sweet lime, pollen 
tube length was also recorded. 
Cross-pollination of Clementine mandarin (C. reticulata 
Blanco) 
Flowers of Clementine, a mono-embryonic cultivar, were 
cross-pollinated using P. trifoliata or Palestine sweet lime 
pollen gamma-irradiated at different doses. In additional 
treatments these pollinations were followed by a second 
cross-pollination on the same flowers 1 or 3 days following 
the first pollination, using untreated pollen of Valencia 
sweet orange [c. sinensis (L.) Osbeck] . In three additional 
treatments Clementine flowers were cross-pollinated using 
only untreated Valencia pollen at (a) anthesis (b) 1 day and 
(c) 3 days following anthesis. 
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The treatments were not replicated for practical reasons. 
Each of the 33 treatments shown in Table 1 constituted 
flowers on a single tree. In most treatments 100 flowers 
were used. In some treatments somewhat smaller numbers 
of flowers were involved depending on the availability of 
flowers within 1 day prior to anthesis. The total number of 
flowers treated was 2 609. 
Each of the treated flowers was identified by tying a 
short cotton string loosely around the flower peduncle and 
labelling the branch concerned. Records were taken of 
each fruit's cross-diameter and of fruit set in each treatment 
on the second, third, fourth, fifth and seventh month fol-
lowing pollination. 
Tracing back the growth history of each individual fruit 
was made possible by the labelling. This allowed data on 
the growth of fruit having the same seed content at ma-
turity, to be grouped together and averaged as described 
before (de Lange & Vincent 1972). 
Table 1 Pollination treatments applied to 
Clementine flowers 
Pollen parent in cross-pollination at anthesis 
P. trifoliata Palestine sweet lime 
kGy kGy 
o 0,05 0,2 0,5 1,0 o 0,05 0,2 0,5 1,0 
Control 2 
Valencia 11 12 
pollen 1 day 
following first 
pollination 
Valencia 
pollination 
3 days 
following 
first 
pollination 
21 22 
345 
13 14 15 
23 24 25 
6 7 
16 17 
26 27 
8 9 10 
18 19 20 
28 29 30 
31 : Valencia pollen at anthesis 
32 : Valencia pollen 1 day following anthesis 
33 : Valencia pollen 3 days following anthesis 
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On the seventh month following pollination (at ma-
turity) the fruits were measured finally, fruit set deter-
mined in each treatment and number of seeds in individual 
fruits determined. 
At 3 months following pollination a few fruits resulting 
from cross-pollination with P. trifoliata pollen irradiated at 
1,0 kGy were cut and the seeds observed macroscopically. 
Observations on seedlings resulting from cross-pollination 
A total of 17 104 seeds were planted. Records were taken 
on germination percentages of seed and on leaf shape of 
the Clementine (x P. trifoliata) hybrids. 
Results and Discussion 
In vitro germination of gamma-irradiated pollen 
The results are shown in Figure 1. Pollen of Palestine sweet 
lime was still found to exhibit considerable germination at 
the relatively high dose of 1,0 kGy. Even at 1,5 and 2,0 kGy 
it showed germination percentages of 4,7 and 1,3 re-
spectively compared with the 19,0% germination of normal 
pollen. The average lengths of Palestine sweet lime pollen 
tubes at 1,0; 1,5 and 2,0 kGy were 432 J.tm, 360 J.tm and 248 
J.tm respectively compared with 576 J.tm in the control. 
In one season shaddock pollen irradiated at 1,0 kGy ex-
hibited 42,0% germination compared with 79,3% in the 
control (Figure 1B) while there was no germination at 1,0 
kGy in another season. Germination of P. trifoliata pollen 
irradiated at 1,0 kGy was 2,0% compared to 47% in the 
control. 
Van den Boom & den Nijs (1983) demonstrated germi-
nation of Cucumis pollen at even higher doses and in the 
case of C. metuliferus considerable germination and pollen 
tube growth at 4,0 kGy. 
Cross-pollination of Clementine mandarin 
Seed abortion 
Macroscopic observation on a few fruitlets from flowers 
pollinated by normal and 1,0 kGy-irradiated pollen at 2 
months following anthesis, showed extensive abortion of 
ovules in the latter treatment (Figure 2). At maturity large 
numbers of small abortive seeds were found in fruits from 
flowers pollinated with 0,5 or 1,0 kGy-irradiated pollen. 
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Figure I Effect of irradiation dose on in vitro germination of Citrus and Poncirus pollen. Determinations on shaddock pollen (A & B) were 
performed in two different seasons. 
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Figure 2 Ovules of Clementine mandarin 3 months following pollina-
tion using pollen of P. trifoliata. A: Untreated pollen, B: 1,0 kGy-
irradiated pollen. Cross bar represents 2 mm. 
Effect of treatments on set, size and seed content of fruits 
at maturity 
The results are shown in Figure 3. Data on treatments 
where Valencia pollen was applied 3 days following P. tri-
foliata or Palestine sweet lime pollination are not shown 
because essentially they demonstrated the same results as 
those where Valencia pollen was applied 1 day following 
anthesis. Relevant data not illustrated in the graphs are 
those of fruits where only Valencia pollen was involved. 
These are included in the caption of Figure 3. 
In treatments where only 1,0 kGy-irradiated pollen was 
used (treatments Sand 10) fruit set percentages (Figure 3A 
& B) were 48,0 and 21,0 respectively notwithstanding the 
complete absence of seeded fruit at maturity (Figure 3E & 
F). In the O,S kGy-irradiated P. trifoliata and sweet lime 
pollen treatments (treatments 4 & 9) with fruit set percen-
tages of 68,3 and 46,7 the average seed content per fruit 
was 0,2 and 0,6 respectively. 
A second pollination using Valencia pollen increased 
seed content (Figure 3E & F) but not to the level in Va-
lencia pollination without prior pollination with irradiated 
pollen (treatment 32: 6,6 seeds and S4,0% fruit set). The 
increases in average numbers of seed per fruit due to this 
second pollination in the O,S and 1,0 kGy treatments were 
respectively from 0,2 to 2,7 and from ° to 3,8 in the P. tri-
foliata (Figure 3E) and from 0,6 to 4,1 and from ° to 2,0 in 
the sweet lime treatments (Figure 3F). 
The increases in fruit size when comparing simple and 
double pollination are shown in Figure 3C & D. These in-
creases are the result of increased seed content due to the 
second Valencia pollination at 1 or 3 days following anthe-
sis (Figure 3E & F). 
The incidence of seedless fruits in different pollination 
treatments is demonstrated in Figure 4. No seedless or ex-
tremely low percentages of seedless fruit occurred in the 0; 
O,OS and 0,2 kGy treatments. When using 1,0 kGy-
irradiated pollen in the single pollination treatment, 100% 
of the fruit was seedless. In the three treatments where only 
Valencia pollen was involved (treatments 31, 32 & 33) 
there were no seedless fruits and not even single-seeded 
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fruits. In the double pollination treatments (Valencia 
pollen, 1 day following anthesis), however, decreased per-
centages of seedless fruits occurred in the O,S and 1,0 kGy 
treatments when compared to the single P. trifoliata or 
sweet lime treatments but not reaching the low levels found 
in pollination with Valencia pollen only. The percentage 
seedless fruits in the double pollination at O,S and 1,0 kGy 
were respectively 27,3 and 33,8 compared to 85,0 and 100 
in single P. trifoliata pollination (Figure 4A). The cor-
responding figures in Figure 4B were 12,1% and 26,7% 
compared to 60,7% and 9S,2% in single sweet lime pollina-
tion (Figure 4B). 
Van den Boom & den Nijs (1983) found pollination of 
Cucumis using 1 kGy-irradiated pollen to occupy all avail-
able ovules, preventing fertilization by normal pollen. The 
same phenomenon seems to occur in Citrus although to a 
smaller extent. 
Correlation between seed content and fruit size at dif-
ferent stages during fruit development 
The object was to study this correlation in fruits (a) where 
only normal pollination was involved, (b) in pollination in-
volving irradiated P. trifoliata pollen and (c) in pollination 
involving irradiated sweet lime pollen. 
To make a meaningful study of this nature one should 
have averages from sufficient numbers of fruit in different 
categories of seediness and especially so for the low-seeded 
fruit. 
The use of data from fruits resulting from pollinations 
using unirradiated P. trifoliata and sweet lime pollen (treat-
ments 1, 6, 11, 16,21 & 26) was not suitable as there were 
no few-seeded fruits available in them. The only suitable 
data were those from the three treatments where only Va-
lencia pollen was involved (treatments 31, 32 & 33). 
Although there were no seedless or single-seeded fruits in 
these treatments, sufficient numbers of fruit containing 2 to 
10 seeds were available to study correlations between seed 
content and fruit size (Figure SA). 
Double-pollination, gamma-irradiation treatments at 
O,S and 1,0 kGy were found suitable to supply sufficient 
numbers of fruits containing ° to 10 seeds per fruit to study 
correlations in the P. trifoliata treatments (treatments 14, 
IS, 24 & 2S) shown in Figure SB and in the sweet lime treat-
ments (treatments 19, 20, 29 & 30) shown in Figure Sc. 
In Figure 5A where only normal pollination was in-
volved, the linear correlation between seed content and 
Citrus fruit size (Cameron et al. 1960; de Lange & Vincent 
1972) was clearly evident in all the stages from 2 to 7 
months following anthesis with correlation coefficients of 
0,94 and higher. This positive correlation has also been il-
lustrated before in Clemetine (de Lange & Vincent 1979), 
the female parent in the present study. 
The coefficients were smaller when irradiated pollen of 
sweet lime was involved ranging from r = 0,S6 to 0,87 and 
still smaller in the treatments where irradiated pollen of P. 
trifoliata was used ranging from r = 0,30 to 0,66. These 
data implicate the involvement of disturbing factor(s) in 
Figures SB & c. 
It has been established before that the known linear posi-
tive correlation between seed content and fruit size does 
not apply for approximately the first 2 months following 
anthesis in navel sweet orange (de Lange & Vincent 1972) 
and the first month in Minneola tangelo (de Lange 1972). 
Considering the stabilized situation evident in normal pol-
lination at the 2-month stage (Figure SA), such early phe-
nomena could not have been a complication. 
The plotting of correlation gradients (from the y = a + 
bx equations in Figure S), taken as a measure of the magni-
tude of seed effect on fruit size, is shown in Figure 6. These 
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data indicate a gradual increase in magnitude of increasing 
numbers of seed to exert a stimulative effect on fruit size 
from the second to seventh month following pollination 
with gamma-irradiated pollen. 
The findings reveal phenomena of significance, bearing 
the breeding objective of this study in mind, and are also 
interesting from a physiological point of view. 
The most logical explanation for the disturbances indica-
ted in Figure 5 and the gradient increases in Figure 6 is the 
early development of large numbers of ovules in the irra-
diation treatments. Gradual abortions allowed persistent 
seeds to reveal their stimulative effect on fruit growth in-
creasingly in successive recordings. 
The high percentages set of seedless fruits can also be 
explained by the stimulatory effect of extensive fer-
tilizations and early development of ovules which subse-
quently aborted. 
The parthenocarpic ability of Clementine is very low if 
measures such as spraying of gibberellic acid or girdling of 
trunks at bloom were not being taken (de Lange et at. 
1979). In previous studies using the same trees as in the 
present study, no fruit set at all was found with no pollina-
tion or with self-pollination of this sexually self-
incompatible cultivar (de Lange & Vincent 1979). In treat-
ments where a low average seed content was induced, .the 
fruit set was poor in this previous study and examples in this 
respect were: 2,0 seeds - 0,7% set; 1,7 seeds - 4,1 % set; 
2,3 seeds - 6% set; 2,8 seeds - 8,7% set. In pollination 
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treatments which induced high average seed counts, very 
high percentages set of the individually treated flowers 
were found and an example is: 22,2 seeds - 96,0 % set. 
In the present study up to 48% fruit set was found in the 
1,0 kGy-irradiated P. trifoliata treatment with all fruits 
being seedless at maturity. 
Observation on seedlings. From the 17 104 seeds planted, a 
total of 7 937 seedlings were available for observation 3 years 
after planting of the seed; 114 from the single pollination 
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using only Valencia pollen; 5 877 from P. trifoliata treat-
ments and 1 946 from Palestine sweet lime treatments. 
Due to uneven germination in the nursery, no clear pic-
tures evolved from germination figures. 
The occurrence of nucellar embryony is a serious ob-
stacle in Citrus breeding because in most cultivars high per-
centages of seedlings are nucellar in origin being geneti-
cally identical to the female parent. This problem has been 
overcome in the present study by using Clementine as 
female parent, one of the mono-embryonic cultivars pro-
ducing only seedlings of sexual origin. 
P. trifoliata treatments. P. trifoliata, a Citrus relative sex-
ually compatible to Citrus species was chosen as a pollen 
parent because its trifoliated leaf is a dominant genetic trait 
appearing in all P. trifoliata hybrids. 
Leaf shapes of parents involved in the P. trifoliata treat-
ments are shown in Figure 7A. Clementine leaves (a) are 
narrow and have very small petiole wings. P. trifoliata 
leaves (b) are trifoliated. Valencia leaves (c) have winged 
petioles. Leaves of all P. trifoliata hybrids (d) have trifolia-
ted leaves. Some of these hybrids, however, also have 
varying numbers of bifoliated and trifoliated leaves on the 
same plant and on some plants small percentages of the 
leaves might be monofoliated although some of the latter 
might have rudimentary additional leaflets [Figure 7 A (d) 
- upper right leaf]. 
Observations on leaf shape of seedlings in the 15 P. tri-
foliata treatments are summarized in Table 2. As expected, 
leaves on all 716 hybrids in treatment 1 were predomi-
nantly trifoliated (Figure 7B). Amongst these trifoliated 
leaves there were in some cases a few bifoliated or even 
monofoliated leaves. Of the 632 seedlings in treatment 2 
there was only one small plant with leaf shape different 
from that of the other plants in the treatment (Figure 7C) 
with two bifoliated leaves and two monofoliated leaves. In 
Figure 7 A: Leaf shapes of Clementine (a); P. trifoliata (b); Valencia (c); Clementine x P. trifoliata hybrids (d) and Clementine x Valencia 
hybrids (e). B: A Clementine x Valencia hybrid. C: The only plant not predominantly trifoliar from 632 hybrids from cross-pollination of 
Clementine flowers with 0,05 kGy-irradiated P. trifoliata pollen. D: A hybrid from pollination of Clementine with 1,0 kGy-irradiated P. trifoliata 
pollen followed by pollination with untreated Valencia pollen 24 h later. A single bifoliated leaf is indicated. 
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Table 2 Observations on leaf shape in the P. trifoliata treatments 
P. trifoliata 
pollen 
irradiation 
Pollination dose (kGy) 
P. trifoliata 0 
pollen 0,05 
at anthesis 0,20 
0,50 
1,00 
P. trifoliata pollen 0 
at anthesis followed 0,05 
by Valencia pollination 0,20 
24 h later 0,50 
1,00 
P. trifoliata pollen 0 
at anthesis 0,05 
followed by Valencia 0,20 
pollination 0,50 
72 h later 1,00 
treatment 3 (single pollination 0,2 kGy-irradiated P. tri-
foliata pollen) the 24 leaves on one of the 135 plants were all 
monofoliated and similar in shape to Clementine leaves. 
The double pollinations using normal Valencia pollen 1 
or 3 days following P. trifoliata pollination, resulted in a 
slight increase in monofoliated seedlings at low irradiation 
doses, but in highly increased ones at 0,5 and 1,0 kGy. 
One of the plants in treatment 15 (1,0 kGy-irradiated P. 
trifoliata pollen followed by normal Valencia pollen after 
24 h) is shown in Figure 7D. Of the 50 leaves present on the 
plant, one was bifoliated and all the other monofoliated. 
(The 114 Clementine x Valentine hybrids in treatments 
31, 32 and 33 produced only monofoliated leaves.) 
It is not possible to draw any conclusions at this stage on 
the occurrence of Clementine transformation by using 
irradiated P. trifoliata pollen. The observed deviations 
from the normal situation (Figures 7C & D) might possibly 
have explanations other than transformation. The pre-
sence of only monofoliated leaves similar to those of 
Clemetine, on one of the 135 seedlings resulting from the 
single pollination of Clementine using 0,2 kGy-irradiated 
P. trifoliata pollen, however, suggests the possibility of 
transformation . 
Treatments 14,15,24 and 25 (0,5 or 1,0 kGy) which pro-
duced small percentages P. trifoliata hybrids seem to be 
promising for further studies using double pollinations. 
Attention to in vitro embryo culture in treatments 4 and 
5 could be a viable approach eliminating the complicating 
necessity for double pollinations. 
It would also be of practical interest to study the effect of 
irradiated pollen on development of nucellar embryos in 
polyembrionic Citrus cultivars. 
Palestine sweet lime treatments. In the sweet lime treat-
ments it was not possible to make any meaningful obser-
vations at this stage owing to the absence of distinct foliar 
differences between sweet lime and Valencia. 
This cultivar was included in this study because of its pos-
sible value in breeding for tolerance to greening disease. 
Schwarz (1968) has shown sweet lime to exhibit only very 
mild symptoms of greening. 
Numbers of seedlings available in the individual treat-
ments were as shown in Table 3. Based on conclusions from 
the P. trifoliata treatments, emphasis should be placed on 
the 377 seedlings in treatments 9, 19,20,29 and 30 (single 
Number of seedlings with % seedlings 
with 
Treatment Trifoliated Monofoliated trifoliated 
number leaves leaves leaves 
1 716 0 100 
2 631 1 99,8 
3 134 1 99,3 
4 2 0 100 
5 
6 1008 22 97,9 
7 1031 70 93,6 
8 450 37 92,4 
9 2 56 3,5 
10 0 118 0 
11 660 3 99,6 
12 486 46 91,4 
13 303 59 83,7 
14 2 37 5,1 
15 0 2 0 
Table 3 Numbers of seedlings available in individual 
Palestine sweet lime treatments. Total number: 1 946 
Irradiation (kGy) 
o 0,05 0,2 0,5 1,0 
Single (6) 141 (7)298 (8) 42 (9) 2 (10) 0 
pollination 
Double (16)243 (17)229 (18)132 (19)204 (20)58 
pollination -
1 day 
Double (26)404 (27) 7* (28) 73 (29) 50 (30)63 
pollination -
3 days 
*Dying back of tree 
pollination - 0,5 kGy; double pollination - 0,5 and 1,0 
kGy). 
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